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Abstract: Small no-take marine protected areas (MPAs) in urban settings can fail to adequately
protect biodiversity due to the combined effects of illegal fishing and species emigrating outside
the protected area boundaries. Further assessment of the effectiveness of these areas is needed to
provide insights into how they can best be managed to generate conservation benefits. The Fly
Point no-take MPA in Port Stephens, New South Wales, Australia, was used as a case study, with
the objective of examining whether a small urban no-take MPA can produce conservation benefits,
despite the handicaps imposed by its size and location. Diver-based underwater visual census
data, recording fish species and abundances, was obtained from 434 surveys conducted in Port
Stephens (2009-2022) at three sites within the Fly Point no-take MPA and at three surrounding sites
open to fishing. These data were analysed using permutational multivariate analysis of variance
to determine whether no-take protection significantly benefited fish species richness and diversity.
We found significantly higher species richness for sites in the no-take MPA than in surrounding
areas and significant differences in assemblages between no-take and fished areas, driven in part by
greater abundances of two fishery-targeted species in the no-take MPA (Acanthopagrus australis and
Scorpis lineolata). Generally, fish diversity was also significantly higher for sites within the no-take
MPA, although diversity was also high in fished sites adjacent to the no-take MPA. Study results
demonstrate that small urban no-take MPAs can provide conservation benefits, especially when these
areas have been protected for more than a decade and where high visibility and local stewardship
enable adequate enforcement of no-take restrictions. Consequently, planning for MPAs in urban areas
should endeavour to ensure high levels of public support and, ideally, should situate MPAs in highly
visible locations, in order to maximise their conservation outcomes.
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1. Introduction

Globally, marine ecosystems are important and are being subjected to increased pres-
sure from a range of stressors, including overfishing, climate change and pollution [1-3].
These pressures have led to global declines in fish stocks and marine biodiversity [4,5].
Marine protected areas (MPAs) have been promoted as a mechanism to address these
declines and protect biodiversity, particularly through the implementation of no-take MPAs
where all extractive fishing activities are prohibited [6,7]. However, a pivotal study by
Edgar et al. (2014) [8] identified that, to be effective, MPAs need to incorporate five key
features: they need to be no-take, and they should be large (>100 km?), well enforced,
isolated and protected over a long period (>10 y).

MPAs that do not meet these criteria often fail to adequately protect biodiversity and
abundance [8-10]. This poor performance can occur due to a range of factors; for example,
if MPAs are not no-take, then over-harvesting can reduce their ability to protect biodiversity
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and abundance [11,12]. Similarly, even if MPAs are no-take, illegal harvesting can reduce
effectiveness, particularly for MPAs close to urban centres or MPAs where there is inade-
quate enforcement of no-take restrictions [13]. Additionally, small MPAs can experience
increased levels of emigration compared to larger MPAs, reducing conservation benefits
due to animals leaving in pursuit of essential resources (e.g., food and living space [14]).
The accrued benefits of implementing MPAs generally increase with MPA age [15]. How-
ever, this accrual of benefits is influenced by the size and location of the MPAs [16] and
depends on enforcement of no-take restrictions [13]. The effectiveness of small urban
no-take MPAs in protecting biodiversity is therefore highly variable, with examination of
the performance of examples of this type of MPA needed to guide management actions to
increase their effectiveness.

Here, we use the Fly Point no-take MPA in the Port Stephens Great Lakes Marine
Park (PSGLMP) in New South Wales (NSW), Australia, as a case study, with the objective
of examining whether a small urban no-take MPA can, contrary to expectations, provide
conservation benefits in terms of preserving fish diversity. The performance of small urban
MPAs in this region is not well documented in the existing literature and, based on the
key features listed by Edgar et al. (2014) [8], the Fly Pt no-take MPA could be expected
to perform poorly due to its small size (0.75 km?) and lack of isolation, with further
information needed to ascertain its actual performance relative to surrounding fished areas.
In 1983, the Fly Point-Halifax Park aquatic reserve was established based on its unique
estuarine biodiversity, particularly for invertebrate and fish fauna, and its popularity with
recreational scuba divers [17], with the taking of any fish or other marine life prohibited.
The MPA was established to protect, manage and conserve the aquatic environment at Fly
Point and Halifax Park in order to ensure that the ecological diversity and significance of
the area is maintained, with MPA boundaries defined after public consultation to minimise
conflict between user groups [17]. Subsequently, the aquatic reserve was incorporated as
a marine park ‘sanctuary’ zone in the PSGLMP established in 2008, which continued the
prohibition of any taking of fish or marine life. Consequently, Fly Point has been a no-take
MPA for over 40 years and is sufficiently old to have generated substantial conservation
benefits [8] and to have garnered high levels of public support, due to perceived higher
recreational and environmental importance [18,19].

However, the no-take MPA is small, with just 0.75 km? protected since 1983, either
as an aquatic reserve or as part of the sanctuary zone within the PSGLMP. Additionally,
the no-take MPA lies within an embayment that is heavily urbanised along its southern
shoreline. Consequently, although the no-take MPA is old enough to show the benefits
of protection, it is neither large enough nor sufficiently isolated to meet the criteria for
effectiveness identified by Edgar et al. (2014) [8]. Conversely, the MPA’s urban setting
enables increased enforcement effort, which may offset any impacts from illegal fishing [20].
Furthermore, diversity of habitat types will potentially have increased the performance
of the Fly Pt no-take MPA, with the Port Stephens estuary sheltering diverse rocky reef,
seagrass, macroalgae and sponge habitats [21] and with habitat diversity strongly linked to
increased fish diversity [22]. Therefore, further assessment of the effectiveness of the no-
take MPA at Fly Point is needed to provide new insights into whether small urban no-take
MPAs can generate conservation benefits and into the factors influencing the performance
of these MPAs, with this information essential for guiding ongoing management of the
PSGLMP and other similar MPAs within NSW and elsewhere in the world.

2. Materials and Methods
2.1. Study Area

Fish species and abundance data were collected using diver-based underwater visual
censuses (UVCs) at six sites in the Port Stephens estuary (Figure 1). The study used a
balanced design with three sites situated within the Fly Point no-take MPA (Fly Point, Little
Beach and Halifax Park) and three sites outside this area and open to fishing (Pipeline,
Seahorse Gardens and Tomaree Head). All sampling sites were chosen to be as similar as
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possible, being situated along the southern shoreline of the estuary on rocky reef covered
predominantly by sponge and macro-algae habitats. Sites were influenced by strong tidal
currents [21] and were in a narrow depth range from 5 to 12 m.
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Figure 1. Study area in Port Stephens estuary, Australia. Black dots indicate study sites. Shading
indicates habitat type: sand (yellow), seagrass (green) and rocky reef (brown). Cross-hatched area
indicates the Fly Point-Halifax Park no-take aquatic reserve protected since 1983 (0.75 km?). Cyan
overlay indicates the extended no-take MPA protected within the Port Stephens-Great Lakes Marine
Park since 2008 (8.2 km?).

The Fly Point no-take MPA has been protected by no-take fishing restrictions since
1983, first as part of the Fly Point-Halifax Park Aquatic Reserve and then, in 2008, as a
sanctuary zone within the PSGLMP [23] with the reserve boundary expanded across the
Port Stephens estuary to the northern shoreline (Figure 1). All extractive activities have
been prohibited within the aquatic reserve since 1983 and within the sanctuary zone since
2008. Within fished areas, both commercial and recreational fishing are permitted, although
trawling is prohibited, reducing the benthic impacts from commercial fishing. All sites
examined were on the southern shore, where most rocky reef habitats are concentrated.
Sites were situated immediately adjacent to the shoreline (i.e., within 100 m), with no-take
sampling sites situated so that they were within the boundaries of the 1983 aquatic reserve
and thus protected by no-take restrictions for >40 years (Figure 1).

2.2. Sampling Methods

Data were collected by the Reef Life Survey Foundation (RLS) from 2008 to 2022. No
prior survey data for fish assemblages were available at the survey sites, with RLS data
not available before 2008, as the RLS program was not running prior to this date [24]. The
RLS data, therefore, provided the only available baseline data against which changes in
fish assemblages could be measured. RLS is a citizen science program that collects high-
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quality underwater visual census data in close collaboration with university ecologists [25].
Volunteer-generated data from the RLS program are comparable to those obtained by scien-
tific dive teams due to the rigorous selection and training of volunteers, with variation be-
tween individual divers contributing little to the total estimated variance between transects
when compared to residual variation between replicate transects and variation between
sites [24]. Data were predominantly collected during the Austral summer—autumn period
(December-May), when water temperatures and species richness are generally at their high-
est levels [22], with citizen science surveys targeted in this period to increase comparability
among data. Preferential collection of citizen science data during the summer—autumn
period will have introduced some unavoidable bias, especially to estimates of overall fish
diversity, as data for species present predominantly during the winter—spring period will
have been underrepresented.

The RLS methodology is based on underwater visual censuses along 50 m transects,
conducted on hard reef along a depth contour (generally at depths < 20 m). Divers
undertake three survey methods along each transect to capture the majority of large biota
that can be surveyed visually: fish species richness and abundance (method 1), mobile
invertebrates and cryptic fishes (method 2) and photoquadrats of the substrate (method 3).
Method 1 data were used in study analyses, with method 1 surveys quantifying fish
species and their abundances by combining data from duplicate 5 m wide belts on either
side of transects. Each RLS survey consisted of a single 50 m transect, conducted from a
haphazardly selected starting location, with all surveys conducted during daylight hours,
when visibility was >5 m. Method 1 fish counts were conducted immediately after transects
were laid to minimise diver disturbances of fish assemblages. Surveys with missing data or
outliers were screened out during RLS quality assurance procedures. Details of RLS survey
methods, diver training and data quality assessment are described in Edgar and Stuart-
Smith (2009) [24] and Edgar and Stuart-Smith (2014) [26]. Method 1 data from 434 RLS
surveys at the study sites were downloaded from the Australian Open Data Network
(AODN) web portal (portal.aodn.org.au, accessed on 11 May 2023), with the number of
surveys at sites and during each year varying due to differences in citizen scientist survey
efforts (Table 1).

Table 1. Number of reef life surveys conducted at monitoring sites from 2008 to 2022, separated by

V7

level of site protection (fished or no-take) and site name. indicates no data available at the site in

that year.
Protection/Site 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 Total

Fished -- 9 13 11 6 16 4 4 8 11 10 7 6 6 6 117
Pipeline -- 7 6 3 3 6 3 4 3 9 8 7 6 3 6 74
Seahorse

Gardens -- 1 4 6 2 5 - - 4 2 2 -- -- 3 - 29
Tomaree Head - 1 3 2 1 5 1 - 1 - - - - - - 14

No-take 30 23 30 21 23 8 16 28 24 27 23 17 22 19 317
Fly Point 4 14 4 5 5 11 3 4 11 10 7 6 6 9 8 107
Halifax Park 2 9 16 21 11 7 3 7 9 8 10 10 5 6 4 128
Little Beach -- 7 3 4 5 5 2 5 8 6 10 7 6 7 7 82

Grand Total 6 39 36 41 27 39 12 20 36 35 37 30 23 28 25 434

2.3. Statistical Analysis

Metric multidimensional scaling (mMDS) analyses were conducted using the PRIMER
7 software package [27] to examine differences in average fish assemblages among area
types (no-take vs. fished). For all analyses, similarity matrices were constructed using the
Bray—Curtis index [28] using data that were square-root transformed to reduce the influence
of abundant species. Permutational multivariate analysis of variance (PERMANOVA)
analyses were used to test for significant differences among fish assemblages and fish
species richness in surveys (survey species richness) using a three-factor design with factors
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of area type (fixed, no-take or fished), sites nested within area type (random) and year
(random). PERMANOVA analyses were used as they provide a robust and flexible method
for analysing multivariate data, even with complex sampling structures and experimental
designs [29]. Species driving dissimilarities among the areas were identified using the
SIMPER routine within PRIMER [27]. The effects of variations in environmental variables
among surveys and variations in habitat and structural complexity among sites were not
considered in the analyses.

The overall fish diversity for Port Stephens (gamma diversity) and fish diversity at
each site (alpha diversity) were estimated through extrapolation of species accumulation
curves using EstimateS Version 9.1.0 software [30], with upper and lower 95% confidence
intervals calculated using the non-parametric, individual-based, species richness estima-
tion technique (Chao-1) [31]. This method extrapolates the species accumulation curve
obtained from samples in order to predict its asymptote, which provides an estimate of
species richness that is independent of sampling effort. Significant differences among sites
(p < 0.05) were conservatively established by comparing 95% confidence intervals for alpha
diversity among sites, with non-overlap of 95% confidence intervals indicating a significant
difference as per Colwell (2013) [30].

3. Results
3.1. Variations in Fish Assemblages among Area Types

Across all 434 RLS surveys, 321 species of fish were detected using UVC, with
121 species (38%) found only in the no-take MPA, 32 only in the fished area (10%) and
168 species in both areas (52%). Overall, a total of 273,025 fish were detected with the most
abundant species being the small schooling planktivores Trachurus novaezelandiae (46,796)
and Atypichthys strigatus (49,106).

Significant differences in fish assemblages were detected between the no-take MPA and
the surrounding fished area (p = 0.041) with mMDS analyses showing a distinct separation
between the average assemblages from these two areas (Figure 2). Significant differences
were also detected among sites within areas (p < 0.001) and among years (p < 0.001).
Differences in assemblages between areas were primarily driven by higher abundances of
the small schooling planktivores T. novaezelandiae and A. strigatus in the fished areas and
higher abundances of fishery-targeted species Acanthopagrus australis and Scorpis lineolata
within the no-take MPA (Table 2). The abundances of recreationally and commercially
targeted A. australis were 11 times greater in the no-take MPA than in the surrounding
fished area, while the abundances of the slow-growing and long-lived fisheries-targeted
species S. lineolata were more than two times greater in the no-take MPA (Table 2).

Table 2. Fish species making the largest contribution to differences between no-take and fished areas
in the Port Stephens Estuary, Australia. Abundance data are from Reef Life Survey Foundation
surveys conducted at sites in each area.

Species Avg. Abundance Avg. Abundance Ratio Contribution to

Fished No-Take No-Take/Fished Differences (%)
Atypichthys strigatus 149.8 99.6 0.7 16.0
Trachurus novaezelandiae 202.9 72.7 0.4 8.4
Acanthopagrus australis 43 47.5 11.0 6.6
Scorpis lineolata 14.7 36.6 2.5 5.4
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Figure 2. Metric multi-dimensional scaling plot showing relative similarity of average assemblages
at no-take sites (green triangle) and fished sited (red square). Ellipses indicate a 95% confidence limit
on the locations of mean assemblages.

3.2. Variations in Survey Species Richness among Areas and Sites

Survey species richness was significantly higher (p = 0.024) in the no-take MPA
(32.3 £ 0.5, mean =£ S.E) than in the surrounding fished areas (25.9 & 0.7). Significant
differences were also detected among sites within areas (p < 0.001) and among years
(p = 0.004). Examining survey-species richness at individual sites (Figure 3) identified that
Fly Point in the no-take MPA had significantly higher average survey-species richness
than all other sites (p < 0.003), that sites in the no-take MPA generally had higher average
survey-species richness than sites in the fished areas and that Pipeline, in the fished areas,
had the lowest average survey-species richness (Figure 3).
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Figure 3. Average survey-species richness from 50 m underwater visual-census Reef Life Survey
Foundation surveys conducted at no-take sites (green) and fished sites (red) from 2008 to 2022. Sites
ordered from east to west. Error bars indicate standard error.
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3.3. Temporal Trends in Survey-Species Richness

Examining changes in survey-species richness over time, for no-take and fished areas
separately, identified that no significant changes in survey-species richness occurred over
time within the no-take MPA (p = 0.465, Figure 4a), whereas survey-species richness
declined significantly over time in the fished areas (p = 0.006, Figure 4b). Declines in
survey-species richness at fished sites were due to a combination of reduced detections
of some fisheries-targeted species in later years (i.e., Achoerodus viridis, Girella tricuspidata
and Platycephalus fuscus) and reductions in the numbers of tropical-associated species that
were observed.

a)r=-0.04, p = 0.465 601b) r=-0.254, p = 0.006
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Figure 4. Pearson’s correlation between fish survey-species richness and sample year for (a) sites in
the no-take fishing area and (b) sites open to fishing. Points indicate survey-species richness from
individual Reef Life Survey Foundation surveys. Line indicates Pearson’s correlation best fit to data,
and shaded area indicates standard error on best fit.

3.4. Fish Regional (Gamma) Diversity and Site (Alpha) Diversity

Based on the sites surveyed, the total diversity for fish species in Port Stephens (gamma
diversity) was estimated as 315401 species (Chao 1, 95% confidence interval). The total
diversity of fish species at individual sites (alpha diversity) varied among sites, being
highest at Fly Point in the no-take MPA (234-295 species) and lowest at Tomaree Head
in the fished areas (98-150 species, Figure 5). Generally, alpha diversity was significantly
higher for sites in the no-take MPA than for sites in the fished areas (p < 0.05, Figure 5). The
exception to this trend was the Pipeline site in the fished areas, which had alpha diversity
that was not significantly different to the no-take sites (Figure 5). The Pipeline site is heavily
targeted by fishermen due to its close proximity to the Nelson Bay Marina Breakwall; hence,
the observed high diversity at this site cannot be attributed to lower fishing effort. Rather,
high diversity is likely due to the diverse habitats at this site, with rocky reef, seagrass,
macroalgae and sponge habitats all present [21], and due to the proximity of the marina
breakwall, with artificial reef structures known to provide shelter to a diverse range of
fish species in Port Stephens [32]. The lowest alpha diversity occurred for the fished site
farthest from the no-take zone (i.e., Tomaree Head).
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Figure 5. Estimated total diversity of fish species at sites in the Port Stephens estuary (alpha diversity,
no-take sites = green dots, fished sites = red dots). Estimates calculated using the Chao-1 species
richness estimation technique [31]. Bars indicate 95% confidence intervals on estimated alpha
diversity. Letters indicate groups of sites with no significant difference in alpha diversity (p < 0.05).

4. Discussion
4.1. MPA Age and No-Take Effects

This study demonstrates that a small-scale no-take MPA in an urban setting can
provide substantial conservation benefits. The Fly Point no-take MPA in Port Stephens
showed significant benefits from >40 years of no-take protection, with sites within this
area having significantly higher fish survey species richness than surrounding fished sites.
Differences between the no-take and fished sites were partly due to significant declines in
survey-fish species richness at fished sites since 2008, whereas the no-take MPA preserved
survey-species richness over the same period, with no significant declines in survey-species
richness recorded. The observed declines in survey-species richness at the fished sites
may have partly been driven by the increased urbanisation of Port Stephens, with an
associated increase in the human population (+10% from 2006-2021, www.abs.gov.au,
accessed on 11 July 2023). The increased human population will have generated increased
fishing pressure on the sites open to fishing, particularly through the increasing number of
anglers living in the surrounding region. Additionally, urbanisation will have increased
non-fishing-related pressures on the estuary, in both no-take and fished areas, including
increased pollution from runoff and boating, negative impacts from the creation of new
foreshore structures and moorings and damage from anchors and recreational diving
activities [17]. However, within the no-take area, some of these pressures may have
been reduced by other effective conservation measures (OECM), which can contribute
to conserving biodiversity in protected areas [33]. Other effective conservation measures
currently implemented in the no-take area include restrictions on new moorings and on
anchoring in seagrass, with further research needed to determine whether OECM can
further contribute to maintaining fish diversity and abundance within the no-take area.

Increasing human populations have led to global declines in many fish stocks [4,34],
with increased fishing pressure, combined with displaced fishing efforts, potentially con-
tributing to the lower abundances of the fishery-targeted species A. australis and S. lineolata
at the sites open to fishing, as both of these species are regularly caught and kept by
fishers in the region. Given that populations in NSW are projected to increase further
over the coming decades (www.abs.gov.au, accessed on 11 July 2023), fishing pressures
are likely to further increase in the future. This may exacerbate the current differences
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between fished and no-take areas, both in terms of fish diversity and abundances of
fisheries-targeted species.

To date, climate-change-induced ocean warming is unlikely to have contributed to
the observed differences in fish diversity between areas or to the changes in biodiversity
detected in the fished area, as changes to water temperatures have been relatively small,
compared to seasonal temperature variations. However, some impacts are likely to have oc-
curred from increased severe weather events, but these will have impacted fish assemblages
in both fished and no-take areas relatively equally, as was observed with impacts to benthic
habitats, which occurred throughout the estuary following recent severe flooding [35].
It should be noted, however, that sites with lower levels of disturbance generally have
increased resilience to natural disturbances [36], and this may enhance the ability of sites in
the no-take area to resist any future impacts of climate change.

4.2. MPA Isolation and Enforcement Effects

Previous studies have shown that increased isolation of no-take protected areas con-
tributes to their effectiveness, with more isolated no-take sites generally protected from
illegal fishing by the difficulty and expense associated with accessing them [20,37]. Con-
sequently, no-take MPAs farther from large population centres generally perform better
than those closer to human populations [38]. However, increased isolation can also hinder
enforcement efforts and where enforcement is hindered by isolation, this can, contrary to
expectations, lead to increases in illegal fishing. For example, the Seal Rocks no-take MPA
in NSW was found to have high levels of illegal fishing, even though it is considered a
remote location, resulting in significant impacts on a fishery-targeted species [13].

Conversely, where no-take MPAs are near compliance operations, a greater level of
protection is to be expected, even for those no-take sites within urban settings that are poten-
tially exposed to high levels of illegal fishing. We hypothesise that this is the scenario experi-
enced by the Fly Point MPA in the current study, with performance limitations imposed by
the site’s lack of isolation and high human population offset by the site’s proximity to com-
pliance operations. Additionally, Fly Point benefits from almost continuous public scrutiny,
with the no-take MPA visible from shore, exposing illegal fishing activities to public view.
In NSW there is a general public acceptance of the need for no-take MPAs [18,19], with local
stewardship of these areas resulting in active reporting of illegal fishing activities using a gov-
ernment hotline (https:/ /www.dpi.nsw.gov.au/fishing /compliance/report-illegal-activity,
accessed on 17 July 2023). This local stewardship has potentially helped to ensure effective
enforcement and low levels of noncompliance at Fly Point, which will have contributed
to preserving the high species richness and diversity observed at the three sites within
the no-take MPA. Similar public adoption of no-take MPAs, leading to good conservation
outcomes, has occurred for other well-established MPAs, such as Goat Island in New
Zealand [39] and in Hawaii [40]. Long-established and highly visible no-take MPAs are
perceived by the public to provide access to pristine marine environments, which would
otherwise be absent from the seascape and which are therefore deserving of high levels
of protection [41,42].

4.3. MPA Size and Habitat Effects

Generally, small no-take MPAs tend to underperform, with numerous studies question-
ing the effectiveness of small no-take MPAs for protecting biodiversity and abundance [8,14].
Poor performance can occur due to mobility of targeted fish species, with mobile fish species
able to move outside the boundaries of no-take MPAs to areas where they are subject to
fishing pressures, thereby counteracting the benefits provided by no-take fishing restric-
tions. Additionally, small MPAs can perform poorly where they have poor connectivity
to other MPAs, especially where they have limited self-recruitment or where their size is
insufficient to maintain a viable population [43]. However, examples of small no-take MPAs
providing conservation benefits do exist (e.g., [44—-47]), with their success generally linked
to good site selection, high levels of local stewardship, effective enforcement and MPAs
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being of sufficient size to protect a particular species” home range [48,49]. Previous studies
examining the effectiveness of other small but more isolated no-take MPAs within the
PSGLMP have shown mixed results, with increases in fisheries-targeted species recorded
at some sites [15,16], while little detectable change was observed at others [13,16]. These
mixed performances are potentially due to variations in the speed of recovery following
protection among these no-take sites but may also be due to other factors, such as their size,
connectivity, habitat availability and level of enforcement. For example, within the Fingal
Island no-take MPA in the PSGLMDP, a lack of increases in fish abundance and diversity was
attributed to poor site selection, due to the limited reef extent and low habitat complexity
in the MPA [16], with other research indicating that species diversity is strongly influenced
by habitat diversity [22] and structural complexity [32,50] within the PSGLMP.

Conversely, where no-take sites are situated so that they protect diverse reef systems,
they can provide striking conservation outcomes, even if the no-take sites are relatively
small [51,52]. The Fly Point no-take MPA provides a good example of this type of outcome,
with this site initially protected due to the high diversity of habitats and the complex reef
systems occurring at the site [17]. The current study demonstrates that no-take protection
has achieved positive conservation outcomes, despite the small size of the no-take MPA,
by preserving fish diversity and maintaining species richness over an extended period,
while species richness has generally declined at surrounding fished sites. Additionally, Fly
Point may have provided spill-over benefits to the Port Stephens estuary more generally,
with fish diversity generally higher at fished sites closer to the no-take MPA than at those
farther away. This indicates that fish may be beneficially emigrating from the no-take
area, potentially increasing diversity and fishing opportunities for targeted species in the
surrounding fished area. However, spill-over effects may also be negatively impacting some
smaller species by increasing predator numbers, as has been observed for the endangered
White’s seahorse in Port Stephens [53].

Finally, it should be noted that habitat diversity and structural complexity may have
contributed to the variations in fish diversity observed among the sites, with research
examining these factors in MPAs showing that they influence fish diversity and abun-
dance [54,55]. Other potential confounding factors that may have influenced study results
include variations in the numbers of surveys conducted at each site due to variations
in citizen scientist sampling efforts and variations in the time of day and time of year
when surveys were conducted. These issues could potentially be addressed through the
implementation of a more rigorous sampling program, although it might be difficult to
obtain adequate quantities of data from citizen scientist volunteers if excessive constraints
are applied to sample locations and timings.

5. Conclusions

Study results demonstrate that small urban no-take MPAs can provide conservation
benefits, especially when these areas have been protected for more than a decade and where
high visibility and local stewardship enable adequate enforcement of no-take restrictions.
It should be noted that our conclusions were based on citizen science data, which have
a greater sampling intensity at no-take sites than at fished sites. Additionally, the effects
of variations in habitat complexity and structural complexity among sampling sites were
not considered in the analyses. Further research is needed to disentangle the relative
contributions to fish diversity and abundance made by no-take restrictions, habitat diversity
and structural complexity. This could be achieved by conducting targeting surveys in areas
with differing protection levels, habitat types and levels of structural complexity and using
modelling to determine the relative contributions of these factors to overall fish diversity.
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